monitoring and a T-piece circuit can be attached to the airway to allow external control of the breathing for all but the few breaths necessary for the actual measurement.
The patient circuit ( Fig. 1 ) was designed to have minimal dead space (2-3 ml). The shutter mechanism is a rapidly inflatable rubber balloon. A Fleisch 0 pneumotachograph heated to 36°C allows measurement of flow and volume changes at the mouth. The resistance of this system is 7 cm H2O/l per s at 5 1/min flow. There is facility for oxygen supply and continuous positive airways pressure or intermittent positive pressure ventilation between measurements.
Plethysmograph pressure is monitored with an Elema Schonander EM32 pressure transducer placed inside the plethysmograph with a slow leak (time constant at least 3 seconds) on one side. This avoids drift due to temperature change in the plethysmograph and minimizes the effect of transient changes in barometric pressure. The plethysmograph pressure response is flat to 10 cycles/mi and with maximum sensitivity gives a full scale deflection with 5 ml changes in plethysmograph volume.
Mouth pressure is monitored with an SE4-82 pressure transducer placed close to the patient inside the box. Flow and volume changes at the mouth are obtained by amplification and integration of the signal from the pneumotachograph via another EM32 transducer. An SE UV Recorder 3006 is used to give direct write out of the signals. A 5th channel for oesophageal pressure is available.
To show the accuracy of the system tests were performed with a mechanical piston and syringe using glass flasks as simulated lungs. The flasks were packed with copper wire to reduce adiabasis (Mead, 1961 (Taylor et al., 1973; Stokes, Taylor, and Turner, 1974 Children with increased lung volume. Wilson-Mikity syndrome (Wilson and Mikity, 1960) . Case 1. Born at 33 weeks' gestation; birthweight 1 0 kg. Apgar score 3 at one minute, improving to 10 at 15 minutes, after initial tracheal intubation and ventilation. He developed increasing respiratory distress over the next 48 hours, requiring 40% oxygen to raise Pao2 to 100 mmHg. Chest x-ray showed a ground glass appearance. He slowly improved, but developed a mild respiratory infection at 3 weeks and a severe one at 4 months, when cystic changes were seen on chest x-ray. The findings of grossly increased TGV confirmed the severe lung damage, and he died of respiratory infection at age 6 months. Necropsy findings confirmed the diagnosis.
Aspiration lung disease (Williams, 1973 hospital at 5 months with history of recurrent respiratory infections and failure to thrive. Scattered crepitations were heard throughout the chest, but chest x-ray was normal. Three serial TGV measurements showed increasing hyperinflation of the lungs. Sweat test was negative but fat-laden macrophages were seen in tracheal aspirate. Feeds were thickened and marked clinical improvement was noticed at once. Repeat TGV measured at 15 months was normal.
Asthma in infancy (Phelan and Williams, 1969b Gradually improving clinically. Follow-up TGV measurements are planned.
Lobar emphysema (Holzel, Bennett, and Vaughan, 1956 ). Case 6. Admitted aged 9 months with history of dyspnoea and wheezing. Chest x-ray showed a translucent left upper lobe and TGV was raised. After resection of the grossly emphysematous lobe TGV returned to normal.
Bronchopulmonary dysplasia (Northway, Rosan, and Porter, 1967; Becker and Koppe, 1969; Barnes et al., 1969 Prolonged ventilation studies. In these 3 infants serial TGV measurements were made to assess the -effect of long periods of IPPV on lung volume. Case 14. Admitted on first day of life with oesophageal atresia, tracheo-oesophageal fistula, and ventricular septal defect. Did well initially after repair of the atresia and ligation of the fistula, but then developed respiratory difficulty and required intermittent periods of IPPV. Condition deteriorated and 4 months' continuous IPPV was required, during which time TGV rose from 50% predicted to over 200% predicted. Patient died and parental consent for necropsy was not obtained.
Case 15. Born by caesarean section at 37 weeks' gestation. Birthweight 3-1 kg. Cyanosed at birth; intubated, resuscitated, and transferred to this hospital. Cardiac arrest occurred on admission, responding to external cardiac massage and IPPV. Cardiac catheterization excluded congenital heart disease but showed desaturated pulmonary venous blood. X-ray showed ground glass appearance. Infant needed 4 months' IPPV during which time TGV rose from <20% predicted to slightly above normal. Died aged 4 months, necropsy examination showing bronchopulmonary dysplasia and cor pulmonale.
Case 16. Term, normal delivery; birthweight 2 * 9 kg. Respiratory distress from birth. Intubated and ventilated from 4th day of life. Angiocardiogram showed atrioventricular canal defect. Tracheostomy performed and IPPV used almost continuously until death from suppurative meningitis at age 4 months. TGV remained reduced throughout life, during most of which congestive cardiac failure was present. Necropsy examination confirmed the diagnosis of atrioventricular canal, meningitis, and pulmonary congestion.
Results
In Fig. 2 the relation of TGV to weight, length, age, and chest circumference in the 42 studies on healthy infants is shown together with the results of regression analysis. The line of the closest fit, calculated by the sum of least squares, is also shown together with 2 SD about the mean. The best correlation is found between TGV and length (r=0 712) and the relation is expressed by the formula TGV=5 *5 (length-141 *6), with a coefficient of variation of 11 * 3 %. There is also good correlation between TGV and weight, chest circumference, and age, but height is a more reliable parameter than weight in sick children and infants. Results obtained in the present study for TGV in relation to length are compared with other published data for young children outside the neonatal period in Fig. 3 .
Results of TGV measurements in the 16 children with abnormal lung function are shown in the Table, together (Comroe et al., 1962 (Krieger, 1966;  Phelan and Williams, 1969a; Doershuk et al., 1970; Radford, 1974 TGV measurements are reproducible. The mean coefficient of variation between measurements for individuals in the present study was 7 -4 % for normals and 6% for abnormals. Radford (1974) found a mean coefficient of variation between measurements of 10 1% in 5 healthy infants. In each of the infants in his study 10 TGV measurements were made over a period of 1 hour.
TGV may be reduced, often in association with low pulmonary compliance, in many clinical situations. Reduced TGV is frequently seen in the presence of pulmonary infection, but is also reported here in respiratory distress syndrome of the newborn and in association with chest cage abnormalities. Major surgery, particularly cardiac, may be followed by severe reduction in TGV. Continuous positive airway pressure has been shown to counter this reduction in lung volume (Hatch, 1976) and in 3 of the patients in the present series TGV increased during a period of mechanical ventilation of the lungs. Prolonged periods of mechanical ventilation may be associated with hyperinflation probably from damage to lung tissue (Barnes et al., 1969) . In Case 14 this increasing hyperinflation was confirmed by serial TGV measurements, but in Cases 15 and 16 lung volume did not rise above normal despite prolonged IPPV at high inflating pressures. Doershuk, Fisher, and Matthews (1974) and Phelan et al. (1969) reported increased TGV in infants and young children with cystic fibrosis. The Melbourne group have also studied infants with 'recurrent asthmatic bronchitis' (Phelan and Williams, 1969b) and found an increased TGV in 5 out of 11 infants under 6 months of age. We have found TGV to be increased in almost all wheezy babies we have studied, and 2 such babies are described here. We also report increase in TGV in babies with a variety of diseases, in most of which small airways disease is a major feature.
childhood. 
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